ABSTRACT. In the present study, we firstly demonstrated immunohistochemical expressions of secretory carbonic anhydrase (CA-VI) isozyme in bovine forestomach, large intestine and major salivary glands. CA-VI was detected in basal layer epithelial cells of esophageal and forestomach stratified epithelium, in mucous cells of upper glandular region of large intestine, in serous acinar cells of the parotid gland, in serous demilune cells and some ductal liner cells of mandibular, monostomatic sublingual and esophageal glands. These immunohistolocalizations suggested that bovine CA-VI plays various roles in pH regulation, maintenance of ion and fluid balance, and cell proliferation. KEY WORDS: bovine digestive organs, CA-VI, immunohistochemical localization.
Carbonic anhydrase isozyme-VI (CA-VI) is a unique secretory type CA isozyme. It was initially discovered and purified from ovine saliva [7] , and then rat saliva [6, 21] , human saliva [13, 20, 22, 25] and bovine saliva [5] . Fernley et al. [8] examined sheep CA-VI in 18 different tissues from sheep using biochemical analysis. They observed an immunoreactive signal for CA-VI only in parotid and mandibular glands, which suggested that CA-VI increased buffering capacity in the oral cavity. Some studies have identified the acinar cells of salivary glands as the origin of CA-VI in several species [5, 8, 21, 22, 25] . These studies have shown that CA-VI was present in acinar cells of the mammalian parotid and mandibular glands, from where CA-VI is secreted into the saliva. However, CA-VI expression in other segments of the alimentary canal has received little information and the precise physiological role of bovine CA-VI has never been revealed. The present study examines the immunohistochemical expression of CA-VI in bovine alimentary canal and in major salivary glands, and conjectures the function of CA-VI in the bovine digestive organs.
MATERIALS AND METHODS
Tissue: Three adult Holstein cows were used in the present study. Small tissue blocks were prepared for microscopic observation. Samples were cut from the parotid, mandibular, and monostomatic sublingual glands, from cervical to thoracic segments of the esophagus, rumen, reticulum, omasum, abomasum, duodenum, jejunum, ileum, cecum, colon and rectum. The samples were immediately fixed in Bouin's solution, and then sliced into 3 µm-thick sections.
CA-VI antibody: We purified CA-VI from bovine saliva as described previously [5] . A rabbit polyclonal antibody has been raised against purified bovine CA-VI and specific immunity to bovine CA-VI has been confirmed [5] . Briefly, the antibody against purified bovine CA-VI was produced in the rabbit. Rabbits were injected initially with 1 mg of purified CA-VI emulsified with an equal volume of Freund's complete adjuvant, followed by a weekly booster injection of a fixed amount of the enzyme for 5 weeks. The rabbits were bled via the auricular vein 10 days following the last injection. The specificity of the antiserum was confirmed by the double immunodiffusion method (data not shown).
Immunohistochemical staining: Deparaffinized and rehydrated sections were pretreated with 0.3% H 2 O 2 in methanol to block endogenous peroxidase activity, and with normal goat serum (2% in PBS) for 20 min to block non-immunospecific fragment. For the primary reaction, monospecific antisera against the CA-VI isozymes [5] , diluted at 1:2,000, were used for histological localization of the respective isozymes. Following incubation in antiserum for 1 hr at 37°C, immuno-positive reactions were visualized by the Vectastain Elite avidin-biotin-peroxidase complex and diaminobenzidine (ABC-POD reagent kit; Vector, Burlingame, CA, U.S.A.). The staining procedure was performed according to the manufacturer's protocol. All preparations were incubated with 0.02% H 2 O 2 and 0.1% diaminobenzidine tetrahydrochloride in 0.05 M Tris-HCl (pH 7.6) for 5 min. Fixation with Bouin's fluids has been found to provide the maximum retention of affinity for the present antibody and the most consistent immunostaining by the previous studies [5] .
Western blotting: Ten % dodecyl sodium sulfate polyacrylamide gel electrophoresis (SDS-PAGE) was applied in the analyzing of crude extracts from bovine tissues. Briefly, 10 µl samples from crude extracts of bovine colon, rumen and parotid gland, and low-molecular-weight protein marker (Pharmacia, Piscataway, NJ, U.S.A.) were directly boiled in 100 µl SDS-PAGE sample solvent with mercaptoethanol at 100°C for 5 min. Then, samples were submitted to 10% SDS-PAGE, and the gel was electroblotted onto immobilon PVDF transfer membranes (Millipore, Bedford, MA, U.S.A.). The PVDF membrane was stained with antibovine CA-VI serum by the indirect immunoreactive method according to a previous report [5] .
RESULTS
The immunohistochemical results are summarized in Tables 1 and 2 . CA-VI was detected at serous acinar cells in parotid glands (Fig. 1) , and at serous demilunes cells and some heterogeneous immunopositive pattern of salivary ductal cells in mandibular and sublingual glands (Fig. 2) . In these glands, no CA-VI was detected at mucous acinar cells. In the alimentary canal, CA-VI was detected in serous demilune cells and ductal epithelial cells of esophageal glands (Fig. 3) , and in stratified squamous epithelial cells at the lower region of the esophageal and forestomach epithelium (Figs. 4, 5 ). The immunoreaction in the forestomach epithelium was stronger than in the esophageal epithelium. CA-VI immunoreactions were weak or absent from abomasal and small intestine glandular cells, although epithelial cells at the upper region of the large intestinal glands in the cecum, colon, and rectum were strongly immuno-positive (Fig. 6) .
A single immunoreacted band with about 42 kD was clearly detected in crude extracts from bovine colon, rumen and parotid gland samples on a western blotted PVDF membrane after 10% SDS-PAGE (Fig. 7) . DISCUSSION CA-VI is a unique secretory type isozyme that was discovered in the ovine parotid gland and saliva [7] . It was firstly purified by Feldstein and Silverman [6] from rat saliva, and later by Murakami and Sly [20] , Kadoya et al. [13] , and Parkkila et al. [25] from human, and Asari et al. [5] from bovine saliva. Previous immunohistochemical analysis has demonstrated the cellular and intracellular origins of CA-VI in the parotid and mandibular glands of humans, mice, rats, and sheep [8, 24, 25, 27] , in developing parotid glands of cattle [5] , in the lacrimal gland of rat [23] , and in the lingual serous von Ebner's glands of humans, rats [18] , and mice [2] . CA-VI has been detected in bovine mammary gland [11, 16] and in rat lower airways and lung [18, 19] .
Fernley et al. [8] and Kitade et al. [15] have examined biochemical expressions of CA-VI in digestive organs of sheep and bovine calves. They found that CA-VI was confined entirely to the salivary gland, specifically the parotid and mandibular salivary glands. However, our present study firstly revealed the distributions of bovine CA-VI in alimentary canals by the immunohistochemical and western blotting analysis. Western blotting analysis utilizing histological specimens as the source of antigens clearly demonstrates crossreactivity of this serum with the crude extracts from present bovine samples. The molecular weight of the substance recognized by this serum coincided well with the reported mass of 42 kD for the bovine CA-VI [5] . The positive band of rumen was weaker than others in the western blotting analysis. A number of immunopositive cells of rumen were less than the other portion in the immunohistochemical analysis. We confirmed bovine CA-VI not only in the acinar and demilune cells of the parotid, mandibular and sublingual glands, but also in the stratified epithelial cells of the basal region of stratified squamous epithelium in esophagus and forestomach, and also in the mucous cells of the upper region of intestinal glands in large intestine.
The secretion of CA-VI from saliva and esophageal Table 1 secretions might be useful for the maintenance of pH balance at the upper alimental canal from the mouth to the rumen. With regard to the cytosolic CA isozymes, Asari et al. [4] have already investigated well-known CA isozymes (CA-I, CA-II and CA-III) in bovine salivary glands and alimentary canal. The secretory CA-VI accelerates the neutralization of excess organic acids produced by microbial flora on dental and epithelial surfaces in the oral cavity and it forms a mutually complementary system with cytosolic CA for pH regulation in the upper alimentary canal [17, 26] . CA-VI may be used for the control of pH and ion balance at the ruminant upper digestive tract in association with other CA isozymes. CA-VI is also found in various mammalian tissues, such as uterus, prostate and mammary glands in man, mouse, rat, hamster, guinea pig, cow, and horse [12, [28] [29] [30] . Expression of CA-VI in the bovine stratified epithelial cells at the basal layer in esophagus and forestomach stratified epithelium might assist cytosolic CA isozymes in the absorption of VFAs and ammonia. CA isoenzymes play an important role in the hydration of CO 2 to provide a continuous source of H + to the lumen and cytoplasm for the transport of VFAs [3] . Additionally, this expression of CA-VI might enhance cell proliferation in the stratified squamous epithelium. During developmental periods, basal layer cells in the bovine ruminal epithelium react to members of the CA isozyme family such as CA-III [1] , which is believed to control ruminal epithelial development. Henkin et al. [9, 10] and Karhumaa et al. [14] also reported that CA isozymes have a multifunctional protein like growth factor. Cytosolic CA might play a role in VFA absorption from the forestomach epithelium and epithelial cell proliferation by controlling the ionic milieu and maintenance of HCO 3 -. This concept is supported by our observation that the immunoreaction to CA-VI was higher in the forestomach epithelium than in the esophagus.
CA-VI was detected in epithelial cells in the upper region of the small and large intestinal glands in addition to CA-II expression [28] . At the small intestinal epithelium, immunoreaction against CA-VI was slight, which suggests that the small intestine may utilize CA-VI for the absorption of amino acids and other nutrient components. The strong expression in the large intestine may control heavy water metabolism and ion exchange. These results are the first to demonstrate the expression of CA-VI in the ruminant alimentary canals and suggest that CA-VI might be a multifunctional protein in bovine ruminant digestive organs. 
